Background: This study aimed to determine the gender of a sample of Iraqi adults utilizing the mesio-distal width of maxillary central incisors and canines and to determine the percentage of dimorphism as an aid in forensic dentistry. Materials and methods: The sample included 230 subjects (115 males and 115 females) with an age ranged between 17-25 years and Class I dental and skeletal relations. Study casts were taken for each subject and the mesio-distal crown dimension was measured manually from the contact points for the maxillary central incisors and canines (both sides) using digital vernier caliper gauge. Descriptive statistics were obtained for the measurements for both genders; independent samples t-test was performed to evaluate the gender difference, percentage of dimorphism and stepwise discriminant function statistics were performed to determine the teeth that can be used for gender identification in addition to the percentage of gender identification accuracy. Results and Conclusions: Generally, the mesio-distal dimensions of the maxillary central incisor and canine were larger in males than females with a high significant difference (P ≤ 0.001). Stepwise discriminant function statistics indicated that the right central incisor and canine were the most predominant teeth in gender identification and the accuracy of identification reached up to 69.6%.
INTRODUCTION
Genderual dimorphism refers to the systemic difference in the form (either in shape or size) between individuals of different genders in the same species. Teeth of various species are known to exhibit genderual dimorphism (1) . Gender determination is one of the important parameters in forensic identification. Teeth being the central component of the masticatory apparatus of the skull are good sources of material for civil and medico-legal identification. Teeth provide resistance to damage in terms of bacterial decomposition and fire when the rest of body is damaged beyond recognition which makes them valuable tool in forensic investigation (2) . Sex determination using dental features is primarily based upon the comparison of tooth dimensions in males and females or upon the comparison of frequencies of non-metric dental traits like Carabelli's trait of upper molars, deflecting wrinkle of the lower first molars, distal accessory ridge of the upper and lower canines or shovelling of the upper central incisors (3) . This is based on the fact that although the morphology of the tooth structure is similar in males and females, the size of the tooth does not necessarily remain the same, as the tooth size is determined by cultural, environmental, racial and genetic factors (4) . Many researches were done to identify the genders using the maxillary and mandibular canines. They depended on the mesio-distal dimension of these teeth (5, 6) and in many articles on the intercanine width in addition to the mesio-distal width to get the canine index and standard canine index (2, (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) . Other researches studied the bucco-lingual dimension of teeth (18, 19) , height of tooth (3) and permanent maxillary first molar (20) as a base for gender identification.
This study aimed to determine the gender of a sample of Iraqi adults utilizing the mesio-distal crown dimensions of the maxillary central incisors and canines with the aid of stepwise discriminant function statistics and to determine the percentage of dimorphism.
MATERIALS AND METHODS

SAMPLE
The sample comprised 230 Iraqi Arab subjects (115 males and 115 females) with an age ranges between 17 and 25 years. They had normal skeletal and dental pattern (21) i.e. had class I skeletal relation and class I dental relation with a full set of permanent well-aligned caries free teeth (regardless the wisdom teeth) and normal overjet and overbite with no history of orthodontic treatment, maxillo-facial trauma, surgery or defect.
METHODS
History and clinical examination
Each subject was asked to sit comfortably on the dental chair and asked information about the name, age, origin, medical history, the history of facial trauma and orthodontic treatment. Then they were asked to look forward horizontally (Frankfort plane parallel to the floor) for clinical examination (extra-orally and intra-orally) to check their fulfillment of the required sample selection.
Dental cast analysis Dental cast production
Impressions were taken for every subject using Alginate impression material then poured with a prepared amount of stone. After setting of the dental stone, Plaster of Paris was prepared and put in the rubber base mold, and the poured cast was inverted over it. After the final setting of the gypsum, the cast was opened from the mold and made ready for the measuring procedure.
Mesio-distal crown dimensions measurements
The procedure of determining the mesio-distal crown width of the right and left maxillary central incisors and canines was done by measuring the greatest mesio-distal crown width of these teeth from the anatomic mesial contact point to the distal one (22) . The measurements were made to the nearest 0.1 mm by using the digital sliding caliper gauge with pointed beak inserted in a plane parallel to the long axis of the tooth.
STATISTICAL ANALYSES
The data of this study were analyzed with SPSS version 15 program. The statistical analyses included: a) Descriptive statistics: means, standard deviations and statistical tables. b) Inferential statistics: 1.Independent sample t-test to evaluate the genders difference.
2.Percentage of dimorphism which is the percentage
by which the tooth size of males exceeds that of females {it equals to = [(X m /X f )-1x100] where X m is the mean tooth dimension of males and X f is the mean tooth dimension of females} (23) . 3.Stepwise discriminant function statistics to determine the teeth that can be used in gender identification in addition to the percentage of gender identification accuracy.
RESULTS AND DISCUSSION
Crowns of permanent teeth are formed at an early stage and their dimensions remain unchanged during further growth and development, except in cases when specific changes and disorders in terms of functionality, pathology and nutrition can have effect on the normal dimensions of a tooth. Because of that odontometric features of teeth can be used in determining sex after the tooth has erupted even in children whose osseous features of the sex are not yet defined (24) . Human sexual dimorphism is said to be an outcome of a survival strategy, a balancing of the need for high degree of biological variation within the species with the need for a narrow range of variation in the female, who is physically structured for the support of an infant prenatally and postnatally (25) . Thus, the differences are a reflection of the ongoing processes of evolution. The genetic basis for variation has been explained by a polygenic model of inheritance. This is the basis of the sexual dimorphism in the morphological and metric attributes of males and females (26) . In Iraq, this is the third study that tries to identify the gender. Rashid and Ali (27) used the linear measurements related to the mental and mandibular foramina vertical positions on digital panoramic images in sex determination. They found statistically significant differences in all of the linear measurements between genders where males almost have higher measurements than females. Linear measurements related to the mandibular foramen vertical position can be used as best parameters to predict genders, while the measurements that related to the mental foramen vertical position ranked after in their discriminating abilities. Ali and Al-Nakib (28) evaluated the accuracy of digital cephalometric system in sex determination in Iraqi samples with different age range using certain linear and angular craniofacial measurements. They found that all the cranio-cephalometric measurements gave 86.7% overall predictive accuracy of sex determination by discriminant analysis while the stepwise selection method gave 85.8% overall predictive accuracy. These methods are X-ray dependant which is hazardous and not cheap. In the present study, measuring the tooth width is easy, fast and can be done intra-or extra-orally.
The results indicated that the mesio-distal crown dimensions of the right maxillary central incisor and canines were higher in males than females (Table 1 ) with a high significant difference (p ≤ 0.001). This comes in agreement with many researches (5-8, 11,12) . Discriminant analysis involves the determination of a linear equation like regression that will predict which group the case belongs to. The aim of the statistical analysis in discriminate analysis is to combine (weight) the variable scores in some way so that a single new composite variable, the discriminant score, is produced. Discriminant analysis creates an equation which will minimize the possibility of misclassifying cases into their respective groups or categories. The form of the equation or function is: D = a + b1x1 + b2x2 +…+ bnxn D is predicted score (discriminant score: this is a weighted linear combination (sum) of the discriminating variables.) a is constant x is predictor and b is discriminant coefficient.
Stepwise discriminate analysis, like its parallel in multiple regressions, is an attempt to find the best set of predictors. It is often used in an exploratory situation to identify those variables from among a larger number that might be used later in a more rigorous theoretically driven study
In stepwise discriminate analysis, the most correlated independent is entered first by the stepwise programme then the second until an additional dependent adds no significant amount to the canonical R squared (29) .
Using the stepwise discriminant function statistics, gender identification can be determined and the percentage of identification accuracy can be obtained.
In this study, only the right maxillary central incisor (RCI) and canine (RC) showed high correlation and the left side of these teeth was excluded, so the formula was: D= -21.53 + 1.033(RCI) +1.609(RC) A further way of interpreting discriminant analysis results is to describe each group in terms of its profile, using the group means of the predictor variables. These group means are called centroids. In this study, males had a mean of 0.468 while females produce a mean of -0.468. The cut-off point for discrimination between the gender is ½ (0.468 + (-0.468)) = 0. If the calculated discriminant score is less than zero the case is classified as "Female" and if the score is greater than or equal zero, the case is classified as "Male"
As shown in table 2, the percentage of accuracy of gender identification were 67, 72.2 and 69.6% for males, females and total sample respectively using the right central and canine as predictors.
When the right canine was taken into consideration only, the percentages were 65.2, 67.8 and 66.5% respectively. These percentages were higher than of Khangura et al. (5) . While for right central incisor, the percenatges were 56.5, 67 and 61.7% respectively. The percentages of dimorphism were higher in right central and canine than the left side confirming the results of discriminant analysis (Table 3) , i.e. the right central and canine are more dimorphic than left central and canine, with higher percentage for the canine. It is suggested that the way of influence of the Y chromosome on the amelogenesis is regulatory, and that the difference in tooth size between males and females is explained by a differential growthpromoting effect of the Y chromosome compared to the X chromosome. The general finding that tooth crown sizes in males exceeded, on average, those in females resulted from a greater thickness of dentin in male teeth. The difference is explained by the promoting effect of the Y chromosome on dentin growth, probably through cell proliferation. It is conceivable that due to the Y chromosome, mitotic potential is increased, which at different stages of development leads to the increase in cell division and may also account for other differences in the dentition (30, 31) .
Generally, canine gives accuracy more than the central incisor in gender determination in both tests (Table 2 and 3) ; this is because of the greater thickness of enamel in males due to the long period of amelogenesis compared to females (32) .
CONCLUSION
This study is the first of its type in Iraq to determine the genders using the mesio-distal dimensions of maxillary central incisors and canines with the stepwise discriminant function statistics. The method in this study is simple and inexpensive to conduct, so it can be applied in forensic dentistry for establishing gender identity of an individual and gives accuracy of genders identification reached up to 69.6% for the total sample in addition to that right central incisor and canine were the most important teeth in this study to develop the formula that determine the discriminant score.
